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The hybrid propulsion is becoming a competitive technology option 
for space applications. This follows from the fact that it has some advan-
tages over others, such as operational safety, low cost and a variety of pro-
pellants. These by itself provide attractive sufficient for development of 
new searches to about the subject. 
As solid and liquid engines, the nozzle hybrid engine is subject to high 
temperatures (about 3500K) generated in the combustion process of the 
propellants. Making it necessary a cooling system or materials that with-
stand such temperatures. 
In this work, we selected a UNS18200 Cu-Cr alloy based on previous 
studies in the literature, which highlights are high thermal conductivity, 
corrosion resistance and good mechanical resistance to request the system 
work. Coupled with this, the low cost and ease of fabrication of the nozzle 
with this alloy compared to other materials such as carbon-carbon ablative 
materials, alloys of tungsten and others. 
In order to protect the nozzle from the high temperature gradient is ap-
plied a thermal barrier coating (TBC). The ensuing idea is that the ceramic 
coating creates an artificial thermal barrier that retards the heat flow from 
the stream of turbulent combustion gases to the metallic substrate. A biblio-
graphical study about the materials used in manufacturing of TBCs was 
performed, as well as a search of the different processes for applying ther-
mal barrier, highlighting the processes of Plasma Spray, Thermal Spray, 
SHS and EB-PVD. 
The selection of TBC materials is restricted by some basic require-
ments: (1) high melting point, (2) no phase transformation between room 
temperature and operation temperature, (3) low thermal conductivity, (4) 
chemical inertness, (5) thermal expansion match with the metallic substrate, 
(6) good adherence to the metallic substrate and (7) low sintering rate of the 
porous microstructure.  
Macrostructural and microstructural analysis of materials used are very 
important, enabling analysis of the phases behavior before and after of tests. 
Those analyses were also employed in determining the variation of material 
properties when subjected to elevated temperatures, as well as the adhesion 
of the coating to substrate. 
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Numerical analyses of heat transfer and wall temperatures of rocket 
nozzle are very important for evaluating of its safety and reliability. So the 
heat transfer calculation and temperature variation along the wall of the 
nozzle will be performed, for comparison with data obtained experimen-
tally. The Bartz equation is used to compute the convective heat transfer at 
the nozzle wall from the hot gases, with axial symmetry of nozzle form, 
conduction inside the nozzle wall can be simplified as a 2D conduction in 
cylindrical coordinate. The convective heat transfer outside the nozzle is 
considered as free convective heat transfer.  
Experiments will be conducted in Hybrid Rocket Test Bench (HRTB) 
developed by Aerospace Research Group at the University of Brasilia 
(UNB-GPA) for experimental validation of the properties of the TBC. Fig.1 
show the sketch of nozzle utilized in experimental test, the cut section also 
can be viewed. 
 
   
 
Fig. 1 - Sketch of nozzle manufactured in UNS18200 Cu-Cr alloy. 
 
At the end of working, it is expected to obtain an insulated nozzle 
meeting the requirements and can be further applied together with a regen-
erative cooling system using nitrous oxide. Studies in this direction have 
been made in the UNB-GPA with good results.  
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В современных условиях при производстве изделий для химиче-
ской промышленности и медицины одним из наиболее востребован-
